Immunologic cross-reactivity between Streptococcus pyogenes type A exotoxin (erythrogenic toxin) and Staphylococcus aureus enterotoxins B and Cl was demonstrated by Ouchterlony double diffusion, Western immunoblot, and immunodot analyses. Specffic antiserum to type A streptococcal exotoxin reacted more strongly with staphylococcal enterotoxin B than with enterotoxin Cl. The reactivity of type A streptococcal exotoxin with antiserum to staphylococcal enterotoxin B was greater than that of antiserum to enterotoxin Cl. These results suggest that a conserved domain is present in the three exotoxins, which most likely originated from a common evolutionary ancestor.
Type A streptococcal exotoxin, also known as erythrogenic toxin, is produced by lysogenic strains of Streptococcus pyogenes and is reported to be the toxin responsible for the rash of scarlet fever (4) . In addition to the erythematous skin reaction, other biological activities associated with this toxin include pyrogenicity, lymphocyte mitogenicity, enhancement of susceptibility to endotoxin shock, and alteration of immunoglobulin production (1) . The gene specifying the type A streptococcal exotoxin, speA, has been identified as a component of bacteriophage T12 (7, 13) , and the complete nucleotide sequence has recently been determined (14). Interestingly, considerable amino acid homology was reported for the type A streptococcal exotoxin and staphylococcal enterotoxins B (6) and Cl (10) .
The staphylococcal enterotoxins, classified on the basis of serological activity into five groups (A through E), are exoproteins of Staphylococcus aureus (2) . These enterotoxins are similar in activity and composition but differ antigenically. The biological activities associated with the staphylococcal enterotoxins include pyrogenicity, mitogenicity, cytotoxicity, erythroderma, alteration of antibody response, emesis, diarrhea, and hypotension (2) . Many of these activities are similar to those of the type A streptococcal exotoxin. In view of the extensive amino acid homology and similarities in biological activity of the type A streptococcal exotoxin and the staphylococcal enterotoxins B and Cl, we investigated the immunologic reactivities of the two exotoxin types.
The reactivity of the antisera and purified antigens were initially tested by the double-diffusion method (9) . Strong precipitin bands were observed between the homologous antibody and purified antigens, with weak reactions between the staphylococcal enterotoxins and the heterologous enterotoxin antisera. Immunologic cross-reactivity between antisera to type A streptococcal exotoxin and staphylococcal enterotoxin B, and to a lesser extent with staphylococcal enterotoxin Cl, was observed ( Fig. 1) . However, there was no observable reaction in the reverse direction, i.e., antisera to staphylococcal enterotoxin B or Cl cross-reacting with the type A streptococcal exotoxin. The antibody to the type A streptococcal exotoxin shows spurs of nonidentity with the staphylococcal enterotoxins, indicating that the streptococcal exotoxin has antigenic determinants distinct from those of staphylococcal enterotoxins.
Increased sensitivity of the cross-reactions was observed when the antigens (2 ,ul) were dotted onto nitrocellulose and then reacted with antisera to each of the three antigens (5) ( Table 1 ). Antiserum to the type A streptococcal exotoxins gave the strongest reactions, whereas antiserum to staphylococcal enterotoxin Cl gave the weakest reactions. Serum samples taken from rabbits before immunization with the type A streptococcal exotoxin were found to react with high concentrations of staphylococcal enterotoxin B. Dilution of the enterotoxin to concentrations that did not react with the preimmune sera still showed reactivity with sera from immunized animals. There was no reaction between preimmune sera and the type A streptococcal exotoxin. Cross-reactions seen in the immunodot blot analysis were confirmed by Western immunoblot experiments, and the strongest reactions occurred between antisera to the type A streptococcal exotoxin and stapyhlococcal enterotoxin B (Fig. 2) . The reactions between antisera to the staphylococcal enterotoxins and purified type A streptococcal exotoxin were much weaker, and all homologous reactions were strong and easily observed.
These results indicate that the type A streptococcal exotoxin and staphylococcal enterotoxins B and Cl are antigenically related. Previous studies have shown that the major antigenic determinants of enterotoxins B and Cl are located at the carboxy terminus of the protein, although some cross-reactivity has been attributed to the amino terminus (11) . The amino acid homology results (14) and hydrophobicity plots (data not shown) suggest that the cross-reactive determinants of the type A streptococcal exotoxin and the staphylococcal enterotoxins B and Cl may be located in the carboxy-terminus region of the proteins. More definitive studies are necessary to determine the location of the cross-reactive determinants since conformational determinants, based on the positioning of distant residues in a common folding of the molecule, may be present in other parts of the molecule. sequence among many toxigenic gram-positive organisms. Consequently, the hypersensitivity rash ascribed to the type A streptococcal exotoxin in scarlet fever may in some instances be induced initially by a previous staphylococcal infection or by another organism capable of producing a protein containing the conserved domain.
The presence of the conserved domain found in the type A streptococcal exotoxin and the staphylococcal enterotoxins suggest a common evolutionary ancestor. Although the genetic information for enterotoxin B is located on the Staphylococcus aureus chromosome, it has been suggested to be associated with a mobile genetic element such as a hitchhiking transposon (8) . Similarly, the gene for type A streptococcal exotoxin is on a mobile element, a temperate bacteriophage (7, 13) . To what extent this common sequence was disseminated among gram-positive organisms remains to be determined.
